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1. Introduction 
Histone is modified enzymatically with acetyl, 
methyl and phosphoryl groups, and enzymes cat- 
alyzing these reactions may play an important role 
in the regulation of gene expression [ 11. Recently, 
the multiplicity and organ specificity of histone 
acetylase were reported [2]. These features of the 
enzyme may be compatible with the proposed role 
of histone acetylation in the complex process of 
gene regulation. 
Histone deacetylase was demonstrated first in an 
extract of calf thymus [3,4] and subsequently in 
extracts of various animal and plant tissues [5,6]. 
The enzyme from calf thymus acts on the specific 
e-N-acetyllysyl residues in arginine-rich histone 
fractions, f2al and f3 [7]. However, the enzyme 
has not yet been purified and the question as to 
whether the deacetylation of histone is achieved 
by multiple enzymes, as is the case with histone 
acetylation, remains to be solved. 
We report here the partial purification of histone 
deacetylase from calf thymus. During the purifica- 
tion, we obtained the results which suggested the 
multiplicity of the enzyme. 
2. Methods 
[ 14C]Acetate labeled histone was prepared as 
described previously [4]. Histone fractions, f2al 
and f3 were separated by gel filtration on a Bio-Gel 
P-60 column [8,9]. Soluble chromatin was prepared 
according to the method of Zubay and Doty [lo]. 
Assay of histone deacetylase activity was carried out 
as described previously [4]. Protein concentration 
280 
was determined by the method of Lowry et al [ 1 I]. 
Hydroxylapatite was prepared by the method of 
Tiselius [ 121. 
Histone deacetylase was extracted from calf 
thymus (8.4 g) by homogenization in 0.05 M phos- 
phate buffer, pH 7.0 (20 ml) in a Potter-Elvehjem 
homogenizer. The homogenate was centrifuged at 
10,000 g for 15 min and the supernatant was used 
as the crude enzyme preparation. The crude enzyme 
was frozen, thawed and centrifuged at 70,000 g for 
30 min. To the supernatant solution (20 ml), hydroxyl- 
apatite (packed volume 40 ml, equilibrated with 
0.01 M phosphate buffer, pH 7.0) was added. After 
stirring for 15 min, the hydroxylapatite was collected 
by low speed centrifugation. The enzyme was then 
eluted from the hydroxylapatite with 40 ml of 
0.25 M phosphate buffer, pH 7.0, containing 5% (v/v) 
glycerol, 1 mM MgClz and 1 mM 2-mercaptoethanol, 
with stirring for 60 min. The extraction was repeated 
with 20 ml of the same buffer for 15 min and the 
eluates were combined and concentrated with Diaflo, 
UM-10 membrane filter to 10 ml. The solution was 
then applied on a Sepharose 4B column and eluted 
as described in the legend for fig. 1. The Sepharose 
4B eluate was then subjected to DEAE-cellulose 
column chromatography as described in the legend 
for fig. 2. 
3. Results and discussion 
The elution pattern of histone deacetylase from 
a Sepharose 4B column is presented in fig. 1. Two 
not-well resolved peaks appeared. Calibration of the 
column by filtration of urease, catalase, y-globulin 
and D-amino acid oxidase gave estimated molecular 
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Fig. 1. Gel filtration on Sepharose 4B. A column 
(1.7 cm X 75 cm) of Sepharose 4B was equilibrated 
with 0.05 M phosphate buffer, pH 7.0 containing 5% 
glycerol, 1 mM 2-mercaptoethanol and 1 mM M&l* (Buffer 
A). The hydroxylapatite eluate (10 ml, 129 mg protein) was 
applied on the column and eluted with the same buffer. 
Fractions of 5.4 ml were collected at a flow rate of 36 min 
per fraction. The absorbance at 280 nm was recorded (--) 
and histone deacetylase activity (o-o-o) was assayed by in- 
cubating 0.5 ml aliquots of the fractions with labeled whole 
histone (0.96 mg, 1430 dpm) at 37” for 15 min in a final 
volume of 2.8 ml in 0.05 M phosphate buffer, pH 7.0. 
Fractions 
Fig. 2. DEAE-cellulose column chromatography. The 
Sepharose 4B eluate (fraction no. 21-29 of fig. 1) was ap 
plied on a DEAE-cellulose column (1.2 X 12 cm), which was 
previously equilibrated with buffer A (see the legend for 
fig. 1). The column was washed with 65 ml of the same buffer 
before a linear NaCl gradient started. The gradient was pro- 
duced from 100 ml each of the buffer A and the buffer A 
containing 0.4 M NaCl (X -X-X). Fractions of 5.4 ml were 
collected at a flow rate of 12 min per fraction. The enzyme 
activity (o-o-o) was assayed by incubating 0.5 ml aliquots 
of the fractions with labeled whole histone (0.96 mg, 1430 
dpm) at 37” for 30 min in a final volume of 2.8 ml in 0.05 M 
phosphate buffer, pH 7.0. The absorbance at 280 nm was 
recorded (--). 
Table 1 
Deacylation rate of f3 and f2al histone fractions. 
Enzyme fraction Total Deacetylation rate 
protein (dpm [ 14C] acetate 
released/hr/mg protein) 
(mg) f3 f2al f3/f2al 
Crude extract 400 310 300 1.0 
Supernatant at 350 410 530 0.8 
70,000 g 




Fraction no. 24 3.8 6,000 3,000 2.0 
Fraction no. 27 12.0 740 910 0.8 
DEAE-cellulose 
eluate * 
Fraction no. 27 1.3 9,500 3,700 2.6 
Fraction no. 3 1 1.6 10,800 6,100 1.8 
An aliquot of each enzyme fraction was incubated with f2al 
(830 dpm, specific activity 2,330 dpm/mg) or f3 (790 dpm, 
specific activity 2,850 dpm/mg) at 37” for 15 min and 
released [14C] acetate was extracted and counted as de- 
scribed previously 141. 
* Each fraction was assayed for deacetylase activity with 
whole histone as a substrate (see figs. 1 and 2). Only the 
indicated fractions were assayed for f3- and f2al-deacetyl- 
ation. When assayed with whole histone as a substrate, 
recovery of the total enzyme activity from the Sepharose 
4B column was 34% and that from the DEAE-cellulose 
column was 32%. 
Table 2 
Activity toward soluble chromatin. 
Enzyme 
fraction 
[ 14C] Acetate released 
Soluble chromatin Free histone 
(dpm) Degree of (dpm) Degree of 
deacetyla- deacetylation 




no. 24 0 0 1,279 98 
Fraction 
no. 27 18 1 1,168 90 
Soluble chromatin (2,060 dpm, 0.63 mg protein and 0.5 1 mg 
DNA) or whole histone (1,300 dpm, 0.24 mg protein) was 
incubated with each enzyme fraction (109 pug protein for frac. 
no. 24 or 180 pg protein for frac. no. 27) at 37” for 50 min. 
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weights of about 550,000 (first peak) and 300,000 here. The reason for the discrepancy remains to be 
(second peak). elucidated. 
When the Sepharose 4B eluate was chromato- 
graphed on DEAE-cellulose column, two distinct 
peaks of the enzyme activity appeared (fig. 2). The 
enzyme was purified about 30-fold. 
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